Background: Hypoxia tolerance studies in cotton are very rare in Pakistan. Unpredicted and excessive rainfalls result in severe losses to cotton crop in many regions of the country due to lack of hypoxia tolerance in current cotton varieties. The genotypes that can tolerate flooding are not reported earlier. The studies were conducted to explore hypoxia tolerance in local germplasm which will help to develop hypoxia tolerant cotton varieties.
Background
Cotton production all over the world is affected by both biotic and abiotic factors (Salman et al. 2016) . Among them flooding stress is an important abiotic stress causing substantial crop losses world-wide (Voesenek and BaileySerres 2013) and it may increase up to 80% yield losses (Shaw et al. 2013 ). It is a major constraint to cotton production in countries like India, Pakistan and China (Voesenek and Bailey-Serres 2013; Zhou 2010) . Partial to complete water logging stress is injurious to most of crops or it may even cause premature death (Bailey-Serres and Voesenek 2008; Blom and Voesenek 1996) . Growth inhibition under partial or complete flooding has been reasoned to injurious effects of flooding various biochemical and physiological processes such as respiration, photosynthesis and growth which results in necrosis and ultimately plant death (Dodd et al. 2013) . The early senescence of leaves and growth inhibition in plants which subjected to flooding stress are mainly due to inhibition of nitrogen (N) and K + uptake (Shabala et al. 2014 ). Due to existence of genetic variability for flooding tolerance in plants, various morphological traits can be used to identify and select flooding tolerant plants. For example, leaf chlorosis after flooding is one of the major indices used by researchers in different crops, such as in wheat (Boru et al. 2001; Cai et al. 1996) and barley (Hamachi et al. 1990; Pang et al. 2004) .
In addition to flooding induced changes in soil characteristics, it adversely affects growth and plant metabolism. Various physiological and biochemical effects of flooding include changes in respiratory metabolism, root permeability, water and mineral uptake, nitrogen fixation, and endogenous hormone (Shabala et al. 2014) .
In view of this information, selection of crop cultivars with considerable tolerance to waterlogging stress has been considered a very useful means of utilizing waterlogged areas particularly those areas where short-term flooding occurs frequently due to heavy rain falls or casual floods (Zhou 2010) . From our previous studies, eight cotton genotypes/cultivars viz., and N-KRISHMA, LRA-5166, CEDIX and H-142 (waterlogging sensitive), were selected out of 60 cultivars/genotypes of cotton at three different growth stages, i.e. seedlings, flowering and boll formation, under field waterlogged conditions (Hussain et al. 2014) . The aim of this study was to investigate the physiological responses of selected cotton genotypes to flooding stress. Moreover, it was assessed that which physiological characteristic of cotton cultivars can be used as physiological indicator for flooding tolerance.
Methods
The experiment was conducted in The two treatments, i.e., water logged and non-water logged conditions, were exploited in the experiment using randomized complete block design. The main plot comprised of 48 subplots (both control and waterlogging). The area of each subplot was 7.0 × 1.50 square meters. The inter-row and inter-plant distances were maintained at 75 cm and 30 cm, respectively. Two seeds per hole were sown with hand and later thinned to one seedling per hole after emergence when the seedlings attained 3~5 true leaves (25~30 d) after the sowing. All other agronomic and cultural practices were kept normal including fertilization, insects pests management, and weeding were maintained accordingly accept irrigation of water logged condition treatment experiment.
There is a significant decrease of physio-chemical characteristics of the soil before and after the flooding in electrical conductivity (EC), and pH of the soil saturated paste. The irrigation was applied for 14 days up to the stage when there was no further leaching downword or horizontally. The source of irrigation was turbine water. The redox potential of the soil was also recorded three times in a day for 14 days, which changed from 470 ± 3.5 mV to − 41 ± 1.93 mV. Metrological data including maximum and minimum temperatures from May to November were recorded and the highest temperature during June and minimum during November were 46.2°C and 29.3°C, respectively. Samples/specimens of shoot and root were taken for physiological, quantitative and qualitative parameters from ten guarded plants at the flowering stage both from flooded and un-flooded fields. Seed cotton (lint) of the plant was picked in separate kraft paper bags for fiber quality parameter analysis.
Seed cotton yield per plant
Opened bolls from the selected five consecutive plants were picked separately in a craft paper bag and weighed seed cotton yield per plant and calculated the average of 5 plants of each cultivar in both treatments i.e., water logging and control in the field.
Ginning outturn percentage
It is defined as lint percentage in grams from the given sample. Seed cotton samples from five plants of each genotype, water logging and control fields were taken, weighed and ginned with a single roller machine. Ginning outturn percentage was calculated by simple percentage method.
Fiber quality parameter measurements
The staple length, fibre fineness and fibre strength of the same specimens, which were collected already for ginning outturn percentage, were tested using High volume instrument (HVI) Spectrum-I Uster USA.
Chlorophyll estimation (chlorophyll a, b and a/b)
Chlorophyll a and b were determined by the method described by Witham et al. (1971) . One gram of fresh leaves from each cultivar was obtained and grinded in porcelain mortar with 40 mL of 80% acetone. The supernatant liquid was filtered through a Buchner funnel which fitted with a Whatman # 40 filter paper, and the filtered material was collected in 100 mL graduated cylinder. Triturating of sample was repeated with successive 30 mL portions of 80% acetone until all the chlorophylls were extracted. The extracted materials were filtered up to 100 mL with 80% acetone thoroughly mixing and used to determine chlorophyll contents spectrophotometrically at the appropriate wave lengths. The chlorophyll concentration was calculated by using the following formulae:
Chlorophyll content measurement
Chlorophyll content was measured every 3 days interval using a portable (Minolta Chlorophyll Meter SPAD-502, Japan). The average of sextuplicate readings was recorded at each third upper expanded leaflet and data was analyzed using ANOVA to find out differences.
Total soluble proteins estimation
Total soluble proteins were estimated as described by Lowry et al. (1951) . 0.2 g of fresh leaf material was taken, homogenized in 4 mL of sodium phosphate buffer solution (pH 7) and centrifuged. 0.2 mL of sample extraction was taken in different culture tubes and the volume of each made up to 2.0 mL with distilled water. 2.0 mL of appropriate reagent was added in all tubes. All the tubes were mixed thoroughly and allowed to stand for 10 min at room temperature. The optical densities were read at 620 nm using spectrophotometer (Hitachi, U-2000, Japan). Total soluble proteins were estimated according to the following formula:
Estimation of total free amino acids
Total free amino acids determined following Van Slyke et al. (1943) . For the estimation of total free amino acids, 1 mL of each sample extraction as in case of protein estimation was taken in culture tube and 1 mL of 10% pyridine and 1 mL of 2% ninhydrin solution were added into each test tube. After that the tubes were heated in water bath for about 30 min. Then the contents of each tube made to 50 mL with distilled water. Theoptical densities of these colored solutions were read at 570 nm using spectrophotometer (Hitachi U-2000, Japan) and free amino acids were calculated as follows.
Total free aminos ðmg Á g −1 f resh wt:Þ
Statistical analysis of the data
The data for fresh and dry matter, mineral nutrients and physiological parameters were subjected to analysis of variance using "COSTAT" computer package (Cohort Software, Berkeley, California). Since there was a marked inhibitory effect of iron treatment, in waterlogged condition, on the fresh weight of shoots, the data within each iron treatment were also analyzed separately. The mean values were compared with least significance difference test (LSD) following Snedecor and Cochran (1989) .
Results
Physio-chemical characteristics of the original soil are given in Table 1 . ANOVA for plant height, seed cotton yield and ginning outturn (%) traits depicted significant differences which were observed among all genotypes in all these attributes ( Table 2 ). The means for plant height, seed cotton yield and ginning outturn of all cotton cultivars were significantly reduced due to imposition of flooding (Table 3) .
Plant height
The response of cultivars to waterlogging with respect to plant height showed that the cultivar, MNH-564, had significantly higher plant height than other cultivars under waterlogged conditions. Waterlogging sensitive LRA-5166 and CEDIX had considerable lower value of plant height under waterlogged conditions than other cultivars (Table 3) .
Seed cotton yield
Regarding seed cotton yield, all genotypes showed significant reduction in seed cotton yield. (Table 3) .
Ginning outturn
A significant reduction in ginning outturn was observed due to waterlogging. MNH-564 had significantly higher ginning out turn than all other cultivars under flooding including tolerant as well as sensitive group (Table 3) .
Analysis of variance for fiber traits
The results of analysis of variance for fiber traits like staple length, fineness and strength revealed significant variation for all the genotypes. The results for water logging and interaction between genotypes and water logging were significant for all the fiber traits except for interaction between genotypes and water logging which revealed non-significant estimates for staple length (Table 3) .
Fiber length
The impact of water logging severely affected staple length which is not desirable for ginners and textile owners (Table 4 ). The mean values of all tolerant and susceptible genotypes declined from control and remained below 28 mm.
Fiber fineness
Fibre fineness of all the genotypes showed variable results. The values of susceptible genotypes N-Karishma, LRA-5166 and CEDIX showed an increase in fiber fineness which exceeded above 5.0. The increased values of fineness in susceptible genotypes showed that fiber became coarse under stress. However, the values of tolerant genotypes did not show such drastic increase in fiber fineness (Table 4) .
Fiber strength
All eight flooding tolerant and sensitive genotypes suggested decrease in fibre strength. Maximum fibre strength was observed in waterlogging tolerant cultivars 33.20) , respectively. But under sensitive group H-142 got the highest value then N-KRISHMA (34.87, 31.39), respectively (Table 4) .
Chlorophyll a, b contents and a/b ratio
Chlorophyll a, b contents and chl a/b ratio of ANOVA, for these traits publicized significant differences for genotypes, waterlogging/hypoxia and interaction between genotypes and waterlogging. Imposition of waterlogging for 2 weeks on eight cultivars of cotton caused a significant reduction in chlorophyll a, b contents and chlorophyll a/b ratio (Table 5) . Two waterlogging tolerant cultivars CIM-573 and MNH-564 (1.664, 1.551) and water logging sensitive, N-KRISHMA, CEDIX (1.259, 1.063) had significantly higher chlorophyll a than other cultivars under both normal and waterlogged conditions. On the contrary, the values of chlorophyll b were higher in waterlogging tolerant cultivar MNH-564 (1.073) then FH-114, (0.929) but hypoxia sensitive genotypes N-KRISHMA and H-142 (0.671, 0.511) had 
Total free amino acids, total soluble proteins and proline
Analysis of variance (ANOVA), for total free amino acids, total soluble proteins and proline, characters revealed significant differences for genotypes, waterlogging/hypoxia and interaction between genotypes and waterlogging and showed non-significant differences for
replications. There was a significant reduction in total free amino acids in all genotypes/cultivars due to waterlogging (Table 6 ). Free amino acid content was significantly higher in two waterlogging sensitive cultivars, CEDIX and N-KRISHMA than other cultivars under both non-waterlogged and waterlogged conditions. Waterlogging tolerant genotype FH-114 and waterlogging sensitive H-142 were much lower in free amino acid content of all genotypes under both control and waterlogged conditions.
Total soluble proteins
Waterlogging caused a significant reduction in shoot soluble proteins in MNH-564, FH-114, and LRA-5166 whereas conversely it caused a significant increased in this biochemical attribute in MNH-786, CIM-573 and H-142. Overall, LRA-5166 was the highest in shoot soluble proteins content of all the cultivars under both non-waterlogged and waterlogged conditions (Table 6 ).
Proline estimation
Waterlogging caused a significant increase in shoot proline in MNH-564, FH-114, N-KRISHMA, CEDIX, and H-142, whereas in the rest of genotypes there was no significant effect of waterlogging except LRA-5166 in which there was a significant decrease in shoot proline content (Table 6) .
Discussions
In the present study, data for seed cotton yield and yield components clearly slowed that of the four waterlogging tolerant cultivars, only MNH-564 and FH-114 were found to be tolerant as they both excelled other lines in seed cotton yield and yield components under Table 6 Total free amino acid, total soluble proteins and proline fresh shoot of eight cotton genotypes/strains/cultivars grown in normal soil at flowering stage when subjected to short-term hypoxia condition waterlogged conditions. Other two waterlogging tolerant cultivars MNH-786 and CIM-573 were as good as all four waterlogging sensitive cultivars in all yield attributes under waterlogged conditions. From such a differential response of the four waterlogging tolerant cultivars to flooding, it is evident that selection made in the first experiment on the basis of just survival rate is partially effective. This can be explained in view of the argument of Zhou (2010) , that selection based on yield may be confounded because of the possibility that tolerance and recovery mechanisms only partly contributed to the crop yield after the waterlogging stress was terminated. Moreover, Setter and Waters (2003) suggested that it is possible that a waterlogging tolerant variety may possess a mechanism of tolerance associated with escaping from anaerobic conditions through dormancy or slow growth during a stress period, and have a rapid recovery following stress. It is therefore, evaluation of flooding tolerance in germplasm should be based on physiological and biochemical characteristics (Zhou 2010) . This argument can be supported by the fact that a prior knowledge of the effectiveness of a selection criterion or criteria to be used in a breeding program is essential, otherwise chances of improvement in any traits through selection are very low (Parelle et al. 2010; Zhou 2010) . Waterlogging affects numerous physiological and metabolic processes within plants leading to reduction in growth and yield (Shabala et al. 2014) . Degree of flooding stress tolerance can also be evaluated using physiological and biochemical traits contributing to flooding tolerance (Adaptive traits). However, physiological mechanisms of degree of tolerance to waterlogging and hypoxia are still not fully understood despite accumulating information (Parolin 2009 ).
Although chlorophyll a, b and chlorophyll a/b ratios of all eight cotton cultivars decreased due to waterlogging, the difference among the cultivars with respect to these pigments was not consistent. These results are not in agreement with those of Talbot et al. (1987) in which they found a marked reduction in chlorophyll contents of the waterlogging sensitive Salix caprea compared with the waterlogging tolerant S. cinerea. Similarly, Ashraf and Chishti (1993) reported that the reduction in chlorophyll content was more pronounced in waterlogging sensitive accessions of lentil compared with the waterlogging tolerant ones.
The responses of waterlogging tolerant and waterlogging sensitive cultivars of cotton for leaf soluble proteins, free amino acids or proline were not consistent, and it was not possible to discriminate between the cultivars using these biochemical attributes. These results are contradictory to the findings of Drew and Sisworo (1979) in which they reported that inhibition in N uptake in plants with redistribution of N from old leaves to young leaves under flooding contributes to a reduction in the total plant N content which thereby lowered the plant protein content. These results do not agree with the earlier findings of Ashraf and Mehmood (1990) in which they observed a decrease in soluble protein content in the waterlogging sensitive (Brassica napus L.), but an increase in that of the waterlogging tolerant Brassica juncea.
Conclusion
Yield and physiological traits under hypoxia showed abnormal values than usual with significant reductions. However, the genotypes like MNH-786 showed better performance in terms of yield and two cultivars i.e., CIM-573 and MNH-564, exhibited significantly higher chlorophyll a than other cultivars under both conditions. The values of free amino acids are on the higher side in all the genotypes which were not desirable. The genotypes exploited in this experiment may further be exploited in devising strategy to develop hypoxia tolerant cultivars.
